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ABSTRACT 
Objective:  
 To determine if a child born from a high-risk pregnancy has a poor diet by analyzing their 
total HEI-2010 score, baseline BMI value, total calorie intake, and average servings per day of 
seven individual food groups. 
Methods:  
 Qualifying mothers and children, aged 2-5, from the Childhood Obesity Prevention and 
Treatment Research (COPTR) Consortium were included in this study. Three baseline 24-hour 
dietary recalls were collected from each mother-child pair over the telephone or in-person from 
May 2012 to June 2014. In these studies, predominantly low-income and racial/ethnic minority 
populations were recruited. The child participant’s total HEI-2010 score, BMI value, and daily 
calorie intake were averaged and compared between normal and high-risk pregnancies. 
Additionally, the seven food group variables (dessert, fruit, grains and cereals, meat, milk 
vegetables, sugar-sweetened beverages) were averaged and compared between the two 
pregnancy groups.  
Results:  
 Overall, 1,061 mother-child pairs were included in this study. Out of the seven food 
group variables, there were no considerable differences in the child participant’s average 
servings per day between normal and high-risk pregnancies. Children born from a high-risk 
pregnancy compared to those born from a normal pregnancy displayed no extensive differences 
between the total HEI-2010 score, baseline BMI, and total calorie intake. Both cohorts consumed 
lower servings in the seven food groups when compared to the recommended servings per day. 
Additionally, both cohorts had total HEI-2010 scores that were below ‘adequate dietary quality’ 
(>81), had baseline BMI values around 17.0 kg/m2, and consumed in-range total calories per day 
when compared to the recommended total calorie intake. 
Conclusions:  
There were no extensive differences between children born from high-risk pregnancies 
and normal pregnancies when comparing the seven individual food group servings per day, total 
HEI-2010 score, baseline BMI, and total calorie intake per day. The child participant population 
in both pregnancy cohorts is consuming servings below the recommended daily allowance per 
day. Thus, being born from a high-risk pregnancy did not put an additional burden on the child in 
terms of their diet. Additional research in a larger cohort is needed to make further conclusions 















The majority of pregnant women are particularly aware that their nutritional status and 
diet can affect their child’s health.1 However, the degree of pregnancy complications associated 
with the risks of maternal obesity continues to be unknown amongst the general population.1 The 
risk of gestational diabetes mellitus (GDM) and pregnancy-related hypertension (PIH) is 
increased among women who are obese.2,3 GDM is characterized by glucose intolerance, to any 
degree, with onset or first recognition during the present pregnancy.4 PIH is defined by systolic 
blood pressure > 140 mmHg and diastolic blood pressure > 90 mmHg.5 PIH refers to one of four 
conditions, where gestational hypertension (GH) is one of them.5  
Prior studies suggest that exposure in utero to maternal obesity, GDM, or GH may 
contribute to the increasing global rates of childhood obesity.6,7 Certain environmental factors 
and lifestyle preferences are known to play a role in the increasing global rates of childhood 
obesity, namely increased fat and caloric intake.8 Additionally, excessive sugar intake, such as 
sugar-sweetened beverages, fast foods containing excess fat, sweet snacks, and increased portion 
size have also played major roles in the rising rates of obesity.9 Current studies demonstrate that 
individual food groups do not provide strong evidence in predicting one’s risk of obesity.9,10 
One way to assess dietary patterns and quality and analyze the association between diet 
and risk of obesity is to utilize the total Healthy Eating Index-2010 (HEI-2010) score. The HEI-
2010 score is a measure of diet quality, which coordinates with the Dietary Guidelines for 
Americans.11 The total HEI-2010 score contains 12 food group components and ranges from 0 to 
100 points; higher scores reflect better diet quality.11 Determining these dietary patterns in young 
children may supply an understanding of the potential risks of children born from a high-risk 
pregnancy, such as GDM or GH. 
The study aimed to examine the association between birth from high-risk pregnancy and 
the child’s dietary intake by comparing seven individual food groups, total HEI-2010 score, 
baseline BMI, and total calorie intake. We hypothesized that children born from a high-risk 
pregnancy would have a poorer diet compared to children born from normal pregnancy and, 




This research used baseline data collected between May 2012 and June 2014 from two 
COPTR Consortium studies. The COPTR Consortium is composed of two childhood obesity 
prevention randomized controlled trials (RCTs; University of Minnesota, Now Everyone 
Together for Healthy and Amazing Kids [NET-Works] and Vanderbilt University, Growing 
Right Onto Wellness [GROW]), and a Research Coordinating Unit (The University of North 
Carolina at Chapel Hill).12-14  
These two studies enrolled predominantly racial/ethnic minority populations from 
households with low socioeconomic status for RCTs of three-year multi-level obesity 
interventions.12,13 The intervention protocols, sample sizes, and eligibility criteria varied between 
the two studies. The NET-Works study recruited 2 – 4-year-old children (n = 534, ! 50th BMI 
percentile). The GROW study recruited 3 – 5-year-old children (n = 610, > 50th and < 95th BMI 
percentile).12,13 If the household had more than one child that met the eligibility criteria (e.g. two 
children between 3-5 years of age above the 85th BMI percentile), then only one child was 
randomly selected to be in the study.  
The COPTR studies were administered according to the guidelines in the Declaration of 
Helsinki.14 All methods involving human subjects were approved by the University of Minnesota 
(NET-Works) and Vanderbilt University Medical Center (GROW).12,13 For each study, parental 
consent was obtained for the minor child to participate in the study. All study protocols were 
approved by a data and safety monitoring board appointed by the National Heart, Lung, and 
Blood Institute. The National Heart, Lung, and Blood Institute also monitored participant safety 
and protocol adherence throughout the trials.  
Dietary Assessment 
Three dietary intakes for each index child were evaluated using 24-hour dietary recalls 
collected via the Nutrition Database System for Research (NDSR) software developed by the 
Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, Minnesota.14,15 
NDSR versions 2011, 2012, and 2013 were used.14 Dietary recalls were administered in English 
or Spanish in person during the initial visit for all studies except GROW, whose initial dietary 
recall was completed over the telephone.12,13 The second and third dietary recalls were completed 
over the telephone for all studies except NET-Works, whose recalls were generally conducted in 
person.12,13 There were no differences found in the accuracy of in-person versus telephone 
dietary recalls in US children. Each study intended to collect data from participants on both 
weekdays and weekends.12,13 Respondents were given two-dimensional food portion aids to 
assist in identifying portion sizes for each dietary recall.12,13  
In the two studies, a parent/guardian served as a proxy for the child.12,13 For children in 
childcare, food records were provided to the childcare provider, and the completed form was 
used by the parent/guardian to report foods the child consumed while in childcare.12,13 School 
menus were also used when needed.16 The percentage of participants with three dietary recalls 
was 97.6% in NET-Works and 64.4% in GROW.16 For analysis, intake was measured in terms of 
the number of servings, and intake was averaged based on the average of each child’s dietary 
recalls. 
Exposure Variables 
High-Risk Pregnancy: Mothers who reported having gestational diabetes, gestational 
hypertension, or both were combined into a high-risk pregnancy group. Mothers who did not 
report gestational diabetes nor gestational hypertension were considered to have a normal 
pregnancy.  
Outcome Variables 
Total Healthy Eating Index (HEI)-2010: Dietary quality was measured using the 2010 
Healthy Eating Index (HEI) for the child’s dietary intake, as it aligns with the 2010-2015 Dietary 
Guidelines for Americans and the data collected fit this period.17,18 The HEI is comprised of nine 
adequacy food components (total fruit, whole fruit, total vegetables, greens and beans, whole 
grains, total protein foods, seafood, and plant proteins, and fatty acids) and three moderation 
food components (refined grains, sodium, and empty calories) with a predefined maximum score 
per component.11 The overall HEI score is the summation of the 12 component scores, and it 
ranges from 0 to 100 points with higher scores signifying better dietary quality.11  
Child BMI: Using a standardized protocol across all studies, height and weight were 
measured at baseline with the child in light clothing without shoes.12,13 Height was measured to 
the nearest 0.1 cm and weight was measured to the nearest 0.1 kg.19 BMI was calculated as 
weight in kilograms divided by height in meters squared.19 Age- and sex-specific BMI 
percentiles were calculated using the Centers for Disease Controls (CDC) and Prevention SAS 
program (based on the CDC growth charts) to determine site-specific eligibility.19  
Child Dietary Intake: Seven food group variables were measured across all studies. 
These food groups are categorized under desserts, fruit (not including fried fruit), grains and 
cereals, meat, milk (including all varieties), vegetables (including green and yellow vegetables, 
tomatoes, and vegetable juice), and sugar-sweetened beverages (including juice and sweetened 
milk). The child’s average total calorie intake was also measured.  
Covariates 
The demographic covariates were chosen because of prior research showing they are 
confounders of the relationship between the exposure and outcome variables in the study. These 
covariates are the child’s age, BMI, race, the mother’s age and BMI, and the data collection site.  
Demographic Variables 
Primary caregivers (parents/guardians) completed questionnaires in their language of 
choice (English or Spanish) to assess race/ethnicity (non-Hispanic White, non-Hispanic Black, 
Hispanic, multi-racial, or other) of the child, age (date of birth), and sex of the child, 
employment status (full-time, part-time, or not working for pay), highest household education 
(less than high school degree, high school degree or GED, or at least some college), Women, 
Infants, and Children (WIC), participation (yes or no), and Supplemental Nutrition Assistance 
Program (SNAP) participation (yes or no). The primary caregivers also reported the BMI 
category (normal weight, overweight, obese) and the birthweight category (low, normal, or high) 
of the child. Due to few individuals being classified as underweight in each study, the 
underweight and normal-weight groups were combined for analysis as normal weight. The 




Data collection after baseline, missing data, “do not know” response, and 
parents/guardians who were not the mother were excluded from analysis (n = 83). The reliability 
of the dietary recall was determined by the interviewer based on the interviewee’s ability to 
recall dietary intake from the previous day. The analytical sample size was 1,061 participants 
after exclusions. 
Statistical Analysis 
The child participant population’s intake of each of the seven individual food groups was 
averaged and compared between the normal pregnancy and high-pregnancy groups. For the child 
participants, the total HEI scores, baseline BMI, and total calorie intake were calculated and 
averaged. The mean total HEI scores, mean baseline BMI, and mean total calorie intake for the 
child participant population were then stratified into normal pregnancy versus high-risk 
pregnancy groups. Interval plots including the average value and the 95% confidence intervals 
for the child participant’s total HEI score, baseline BMI, and total calorie intake were used to 
compare normal pregnancy to high-risk pregnancy groups. These models were adjusted for child 
age, BMI, sex, race, the mother’s age and BMI, and data collection site. All analyses were 
conducted in SAS University Edition. 
RESULTS 
Table 1 presents the baseline demographic characteristics of the participants in the 
COPTR study. Approximately 80.9% of pregnancies in this combined cohort were normal. The 
overall age and BMI of child participants were 46.5 months and 17.1 kg/m2, respectively. 
Compared to the overall and normal pregnancy, a higher percentage of the children born from a 
high-risk pregnancy were obese (16.8%) and had a high birth weight (13.0%) compared to 
children born from a normal pregnancy, 9.1%, and 4.8%, respectively. The children in the 
overall, normal pregnancy, and high-risk pregnancy were predominantly Hispanic (76.4%, 
76.0%, and 78.3%). The overall age and BMI of mothers were 31.4 years and 29.8 kg/m2, 
respectively. Mothers who had a normal pregnancy had higher attendance to at least some 
college (28.2%) compared to mothers who had a high-risk pregnancy (22.2%).  
Table 2 demonstrates the mean (95% CI) number of servings per day of the seven 
individual food groups in the COPTR study. Each of these food groups was adjusted for child 
age, BMI, sex, race, mother age and BMI, and data collection site. The consumption of these 
seven food groups was low for both the children born from normal pregnancies and high-risk 
pregnancies.  
Figures 1, 2, and 3 display the adjusted differences in the child participant’s mean (95% 
CI) HEI-2010 score, baseline BMI, and total calorie intake, respectively. These variables were 
adjusted for child age, BMI, sex, race, mother age and BMI, and data collection site. In Figure 1, 
children born from high-risk pregnancies had a higher mean total HEI-2010 score compared to 
those born from normal pregnancies (62.1 versus 61.5). In Figure 2, children born from high-risk 
pregnancies had a higher mean baseline BMI value (17.1 kg/m2) compared to children born from 
normal pregnancies (17.0 kg/m2). In Figure 3, the mean total calorie intake is higher in children 
born from high-risk pregnancies (1249 kcal) compared to children born from normal pregnancies 
(1223 kcal).  
The total HEI-2010 score, BMI, and total calorie intake between the child population 
were separated into different ages and compared between the two pregnancy groups. This 
analysis began with the baseline visit, which included 2-years, 3-years, 4-years, and 5-years of 
age. Each visit was then subsequently analyzed to calculate the average total HEI-2010 score, 
average BMI, and average total calorie intake for the child as they reached each particular age. 
Therefore, each of these three outcome variables for each age group of 3-years, 4-years, 5-years, 
and 6-years of age were analyzed to see if there were any age-specific differences when 
comparing children born from a high-risk pregnancy to a normal pregnancy. However, analyzing 
the age-specific differences produced similar results to the combined ages, so this data is not 
displayed. 
DISCUSSION 
 This study evaluated the differences in dietary intake between child participants from the 
two RCTs in the COPTR Consortium, specifically children born from normal pregnancies and 
children born from high-risk pregnancies. We found little differences when comparing the 
average intake of the seven food groups, total HEI-2010 score, baseline BMI, and total calorie 
intake between children born from a normal pregnancy to children born from a high-risk 
pregnancy.  
To our understanding, no other studies are analyzing the differences in dietary intake 
between children born from a normal pregnancy and children born from a high-risk pregnancy. 
There are few studies analyzing children born from high-risk pregnancies, as a majority of 
studies on high-risk pregnancies focus on the health of the neonate. In studies comparing 
uncontrolled and controlled gestational diabetes, uncontrolled gestational diabetes had higher 
rates of adverse neonatal outcomes, such as stillbirth, neonatal macrosomia, neonatal 
hypoglycemia, etc.22 Therefore, risk factors from uncontrolled high-risk pregnancies are 




The total calorie intake was analyzed between children born from normal (1223 kcal) and 
high-risk pregnancies (1249 kcal). According to calorie intake recommendations, children 
between the ages of 2-5 years should be consuming between 1,000 kcal to 1,400 kcal per day.23 
However, this depends on the child’s specific age and activity.23 Based on these values, these 
children were in the range of the appropriate number of total calories consumed per day, 
although their ages were combined and their activity was not identified. The consumption of 
seven individual food groups, dessert, fruit, grains and cereals, meat, milk, vegetables, and sugar-
sweetened beverages, were analyzed and compared between children born from normal and 
high-risk pregnancies. For children between the ages of 2-6 years, the recommended number of 
servings per day are 2 for fruit, 6 for grains, 2 for meat, 2-3 for dairy, and 3 for vegetables.24 
When analyzing the results from this study, children from both normal and high-risk pregnancies 
consumed less than the recommended number of servings for each food group, except for meat. 
The children born from normal and high-risk pregnancies consumed a significantly lower 
amount of grains (3.30 and 3.30) and vegetables (0.73 and 0.75) when compared to the daily 
recommended number of servings. This may be attributed to the study population, which 
consisted of participants from low-income and racial/ethnic minority populations.  
In one particular study, the dietary intake of children from low-income food-insufficient 
and food-sufficient households was compared to children from higher-income food-sufficient 
households.25 No differences were found between protein and total fat intake.25 However, 
children from the low-income (food insufficient and food sufficient) households had lower total 
energy intake and consumed fewer vegetables, fruits, grains, and yogurt, when compared to the 
higher-income food-sufficient.25 Therefore, the results from this particular study and our research 
may explain why the children consumed fewer servings than the daily recommended allowances. 
This reason may be attributed to the low-income aspect of the populations recruited for this 
study, which may be the main reason for the decreased number of servings for the daily 
recommended allowances per day. 
Total HEI-2010 Score 
The total HEI-2010 score reflects dietary quality, where higher scores indicate better 
dietary quality.11 Children from both normal and high-risk pregnancies had an average total HEI-
2010 score of approximately 62. A total HEI-2010 score of 81 or above indicates adequate 
dietary quality.16 Therefore, the children in this study who were born from normal and high-risk 
pregnancies had a dietary quality below adequacy. As aforementioned, the total HEI-2010 score 
is constructed of the consumption of 12 different food groups based on the recommended daily 
intake per 1,000 kcal.11 Thus, this lower score is associated with their food consumption, which 
was discovered to be lower than recommended. Although the seven food groups analyzed do not 
completely mirror the 12 food group components in the total HEI-2010 score, they share the 
same association, which focuses on the aspect that these children come from low-income 
households and maybe food-insufficient. 
Child BMI 
 The BMI of the children born from normal pregnancies (17.0 kg/m2) and high-risk 
pregnancies (17.1 kg/m2) are similar. When analyzing the BMI between the specific ages (2, 3, 4, 
5, and 6 years of age), the only trend found was that the BMI increased steadily by age. 
However, normal weight, overweight, and obese BMI values are represented by design, so it is 
difficult to identify which BMI category these children represent. 
 
Limitations 
 In this study, seven particular food groups, total calorie intake, total HEI-2010 score, and 
BMI were analyzed between 2- to 5-year-old children born from either normal or high-risk 
pregnancies. However, each of these values except the total HEI-2010 score differs depending on 
the literature and design. So, the comparisons among statistical evidence from the literature are 
variable. Additionally, the analytical sample size (1,061 participants) was relatively small, with 
only 203 of these participants falling into the high-risk pregnancy cohort, which may have 
contributed to the minimal differences in the dietary intake, total HEI-2010 score, and child BMI 
between the two pregnancy variables. 
 Missing variables was another limitation in this study. During the dietary recalls, mothers 
were initially questioned whether they did or did not have gestational diabetes and/or gestational 
hypertension. However, they were not questioned whether their high-risk pregnancy was 
controlled or uncontrolled, so the mothers in this study were grouped in the high-risk pregnancy. 
Some of these women may have been able to control their pregnancies through adherence to 
medications and by creating dietary changes to improve their diet, but this information was 
unavailable. If we had collected data dividing controlled and uncontrolled high-risk pregnancies, 
we would have been able to focus more on the children born from an uncontrolled pregnancy and 
compare these children to children born from normal pregnancies and controlled pregnancies.  
CONCLUSION 
In summary, within this study population, the differences were not extensive between 
children born from normal pregnancies and high-risk pregnancies. Therefore, it can be concluded 
that the entire child participant population in the two studies is consuming servings below the 
recommended number of servings per day. Due to the little differences, it is difficult to make 
decisive conclusions about the child participant population’s dietary intake, so more studies must 
be done to produce further evidence. Therefore, it is concluded that being born from a high-risk 
pregnancy did not put an additional burden on the child in terms of their diet. 
There does not have to be an additional layer to target children from a high-risk 
pregnancy. Therefore, future implications can be used in the public health system in regards to 
every child’s diet. In regards to this study, particularly those from low-income and racial/ethnic 
minority populations. Making sure that a child is meeting the recommended daily allowance is 
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Table 1. Baseline demographic characteristics of the participants by Childhood Obesity 
Prevention and Treatment Research (COPTR) study, May 2012 – June 2014 
 Overall 
(n = 1,061) 
 Normal 
Pregnancy 
(n = 858) 
 High-Risk 
Pregnancy 
(n = 203) 
Index Child 
    Age (months) 
 
46.5 r 11.0 
  
46.7 r 11.3 
  
46.0 r 10.1 
    BMI Percentile 79.2  r 13.7  79.0 r 13.7  80.2 r 13.8 
    Sex (% female) 
    BMI Categorya 
               Normal weight 
               Overweight 
               Obese 
    Birthweight Category 
               Low 
               Normal 
               High 
    Race 
               Non-Hispanic White 
               Non-Hispanic Black 
               Hispanic 
               Multi-racial 
               Otherb 
Index Mother 
    Age (years) 

















31.4 r 5.8 

















31.0 r 5.6 

















32.9 r 6.1 
32.6 r 6.7 
    Employment status (%) 
               Full-time work 
               Part-time work 













    Education level 
               Less than HS graduate 
               HS graduate or GED 













    WIC 
               Yes 
               No 
    SNAP 
               Yes 



















aIndex child BMI status categories are normal weight (>5th percentile - <85th percentile), 
overweight (>85th percentile - <95th percentile), and obese (>95th percentile)20,21 
bOther race/ethnicities are Asian, American Indian, Alaskan Native, Native Hawaiian, or Pacific 
Islander14 
 
Table 2. Mean (95% CI) servings per day of the seven food group variables for normal and 
high-risk pregnancies by Childhood Obesity Prevention and Treatment Research 
(COPTR) study, May 2012 – June 2014  
  
Normal Pregnancy 
number of servings 
per day 
 
Mean (95% CI) 
 
High-Risk Pregnancy 
number of servings per 
day 
 





















0.76 (0.67, 0.85) 
 
1.33 (1.19, 1.48) 
 
3.30 (3.12, 3.48) 
 
2.06 (1.89, 2.23) 
 
1.19 (1.08, 1.30) 
 
0.73 (0.65, 0.81) 
 
1.35 (1.23, 1.48) 
0.80 (0.67, 0.93) 
 
1.25 (1.04, 1.46) 
 
3.30 (3.04, 3.57) 
 
2.23 (1.99, 2.48) 
 
1.24 (1.09, 1.40) 
 
0.75 (0.63, 0.86) 
 
1.50 (1.31, 1.68) 
0.04 (0.0, 0.08) 
 
-0.08 (-0.15, -0.02) 
 
0.00 (-0.08, 0.09) 
 
0.17 (0.10, 0.25) 
 
0.05 (0.01, 0.10) 
 
0.02 (-0.02, 0.05) 
 
















Figure 1. Adjusted differences in the child participant’s mean (95% CI) total HEI-2010 scores 
by key sociodemographic characteristics by Childhood Obesity Prevention and Treatment 
Research (COPTR) study, May 2012 – June 2014. The child participant’s total HEI-2010 scores 














































Figure 2. Adjusted differences in the child participant’s mean (95% CI) baseline BMI values by 
key sociodemographic characteristics by Childhood Obesity Prevention and Treatment Research 
(COPTR) study, May 2012 – June 2014. The child participant’s baseline BMI values were 








































Figure 3. Adjusted differences in the child participant’s mean (95% CI) total calorie intake by 
key sociodemographic characteristics by Childhood Obesity Prevention and Treatment Research 
(COPTR) study, May 2012 – June 2014. The child participant’s total calorie intake was 
compared between normal and high-risk pregnancies. 
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